The present study was conducted to investigate the effects of in ovo injection of ascorbic acid on antioxidant capacity and immune-related gene expression in the newly hatched local Chinese yellow broiler chicks. Fertile Chinese yellow broiler eggs (n = 90) were assigned to three equal groups. The first group was a non-injected control group. The second group was another control group where the eggs were injected with saline in the air sac after 18 days of incubation. The third group was injected with 3 mg/egg AA in the air sac after 18 days of incubation. In ovo injection of 3 mg/egg AA significantly (P < 0.0001) increased plasma glutathione peroxidase (GSH-PX), total antioxidant capacity (T-AOC), and significantly reduced plasma malondialdehyde (MDA) at 1 d old. Moreover, in ovo injection of 3 mg/egg AA significantly increased mRNA expression of glutathione peroxidase (GSH-PX) and superoxide Dismutase (SOD) in the chick's spleen.
INTRODUCTION
Rapid growth of avian embryos is associated with the reactive oxygen metabolites and free radicals, which are produced from normal metabolism and which can cause oxidative stress (Deeming and Pike, 2013) . Oxidative stress can be defined as an excessive amount of reactive oxygen species (ROS), which is the net result of an imbalance between production and destruction of ROS (Poljsak et al., 2013) .
It is well known that, chick embryo tissues have a high proportion of highly polyunsaturated fatty acids in the lipid fraction (Speake et al., 1998; Surai et al., 2016) , therefore, chick embryos must have antioxidant defense to prevent damages to major organs and systems (Surai et al., 2016) . The antioxidant defense system of the newly hatched chick includes antioxidant enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GSH-PX), vitamin C, vitamin E, and a-lipoic acid (O¨zkan et al., 2005) . Antioxidant defense system and immunity play key roles in embryonic health C 2017 Poultry Science Association Inc. Received March 9, 2017. Accepted September 23, 2017. 1 Corresponding author: nqinghua@scau.edu.cn especially in the last stage of chick embryo development (Goel et al., 2016) . In ovo injection is considered one of the best strategies that could enhance antioxidant capability during pre-and post-hatch period as reported by Yigit et al. (2014) . Furthermore, in ovo injection is an excellent technique that may present the best results for younger broiler breeders that may have difficulties in passing sufficient nutrients to the egg (Cardeal et al., 2015) . In recent years, there has been a great deal of attention towards the field of in ovo injection, it could be used to benefit important physiological and biochemical balances including improved oxidative protection (Malheiros et al., 2012) and helpful for improvement of early immune response (Lee et al., 2014) . Recently, it has been suggested that the in ovo injection technique may enter routine use in a similar manner to in ovo vaccination, where it can be used alone or combined with vaccination, because it is efficient at delivering nutrients directly into embryos at a lower cost compared with adding nutrients as dietary supplements (Kadam et al., 2013) .
Previous studies demonstrated that ascorbic acid (AA) could be applied to alleviate the negative effects on immunity in response to heat stress . The protective effect of AA against heat stress has been reported in broilers and Japanese quail (Halıcı 425 Zakaria and Al-Anezi (1996) reported that in ovo injection of 3 mg/egg of AA recorded the best results of hatchability rate. Therefore, based on antioxidant capacity and immune enhancement properties of dietary AA for chickens, the purpose of the present study was to investigate the effect of in ovo injection of AA on antioxidant capacity and immunity in newly hatched local Chinese yellow broiler chicks.
MATERIALS AND METHODS

In Ovo Injection and Egg Management
Fertile Chinese yellow broiler eggs (n = 90) were obtained from the farm of South China, Agriculture University (Guangzhou, China). The eggs were weighed individually and randomly assigned to three treatment groups, 30 eggs for each treatment. Each treatment divided into 5 replicates, each 6 eggs were placed individually into a net-bag for each replicate. Each group had similar average egg weight. The eggs were incubated at 37.5
• C and 60% relative humidity. AA was dissolved in 100 mL saline (0.9%) and 0.2 mL from this solution is equivalent to 3 mg of ascorbic acid (Zakaria and Al-Anezi, 1996) . AA solution was prepared shortly before injection. The chemicals used in the study were purchased from Sigma Chemical Co. St. Louis, MO. The dose of AA was chosen according to (Zakaria and Al-Anezi, 1996) .
On the 18th day of incubation, eggs were placed air-sac up and firstly cleaned with 70% ethanol then the eggs were candled and those showing live embryos were divided as follows: 1) non-injected group, 2) saline group (injected with 0.9% saline), 3) AA group (injected with AA 3 mg/egg). The eggs were injected into the air sac with 0.2 mL of solution. Immediately after the injection, the resulting egg hole was sealed with a sterile paraffin wax then the injected eggs were returned into the incubator. The experiment procedures were approved by the Animal Ethics Committee of South China Agricultural University.
Blood and Tissue Preparation
Blood samples were collected at the day of hatch via the jugular vein from 10 birds per treatment (two birds per replicate) that were randomly selected. EDTA was used as an anticoagulant. Blood samples were centrifuged (3,000 rpm, 10 min) and the plasma were separated and stored at −20
• C to measure antioxidant enzyme activities (GSH-PX, total antioxidant capacity (T-AOC), and malondialdehyde (MDA)). Thereafter, the birds were slaughtered and then spleen samples were removed immediately and snap frozen in liquid nitrogen and stored at -80
• C. Spleen samples were used to determine the mRNA expression for antioxidant and immune-related genes.
Determination of Antioxidative Enzyme Activities
The concentrations of GSH-PX, T-AOC, and MDA levels in plasma were detected using the commercial assay kits from Nanjing Jiancheng Biochemistry Reagent Co (NJBC, Nanjing, Jiangsu, China; Bai et al., 2017) according to the instructions of the manufacturer. Each sample was assayed in duplicate.
The mRNA Expression of Antioxidant Enzyme and Immune Related Genes
The gene expressions of IFN-γ, IL-1β, IL-6, TNF-α, GSH-PX, and SOD in the spleen of hatched broiler chicks were quantified by quantitative real-time PCR. The primer information for all the genes is listed in Table 1 .
Total RNAs were extracted from the spleens by TRIzol reagent kit (Invitrogen, San Diego, CA) according to the manufacturer's instructions. cDNA was synthesized in a final volume of 20 μL including 1 μg of total RNA, 1 × Moloney leukemia virus reverse transcriptase (MMLV) Buffer, 1 mM of each dNTPs, 2.5 μM oligo (dT)18, 0.5 μL (40 U/μL) RNase inhibitor, 100 U MMLV superscript III reverse transcriptase (Invitrogen, Carlsbad, CA). The thermal cycling protocol was: 95
• C for 1 min, then 40 cycles of 95
• C for 15 s, appropriate annealing temperature for 45 s, and 72
• C for 45 s. The final step after cycling was an extension at 72
• C for 40 s. Each sample was assayed in triplicate and the standard β-actin was used as an internal control. Gene expression was calculated by using the 2 −ΔΔCT method according to Livak and Schmittgen (2001) .
Statistical Analysis
Statistical analysis of data was performed using SAS 9.1 (SAS Institute Inc., Cary, NC, 2004). Duncan's multiple range tests was used to compare the means. Statistical significance was set at P < 0.05.
RESULTS AND DISCUSSION
The Activities of Antioxidant Enzymes
The effects of in ovo injection of AA on antioxidant enzymes activities are presented in Figure 1 . Antioxidant enzymes have been recognized to play an important role in the antioxidant mechanism of the body, which can eliminate ROS from cells. In ovo injection of AA significantly increased plasma GSH-PX activity (P < 0.05) on hatching day compared with the non-injected group or saline group. Hajati et al. (2014) reported that in ovo injection of AA (3 mg/egg) increased the activity of GSH-PX in blood hemolysate of broiler chickens. Also, the current study found a reduction in the level of plasma MDA in AA group when compared with non-injected group or saline group (P < 0.0001). In the present experiment, the reduction of MDA was an indication of reduced lipid peroxidation, which is due to a decrease in the oxidative stress (Ayala et al., 2014) .
Furthermore, the activity of the plasma T-AOC in AA treatment group was significantly increased compared with the non-injected and saline group. The current study observed that the activity of plasma MDA in the saline group was significantly decreased and plasma T-AOC was significantly increased compared with the non-injected group. Thereby, the use of saline groups as control eggs demonstrated that the saline injection itself had effect on the activities of plasma T-AOC. The reason is not known because no reports have been indicated the effect of in ovo injection of the saline on the antioxidant enzyme activities.
To our knowledge, this is the first study to observe that in ovo injection of AA has played an active role in improving the antioxidant capacity via an increased in the activities of GSH-PX and T-AOC in the plasma and decreased in the MDA activity of plasma. Jang et al. (2014) revealed that dietary supplementation of AA significantly increased total antioxidant status and decreased serum lipid perioxidation in broilers exposed to summer conditions (temperature between 32
• C to 34
• C at day to 27 • C to 29 • C at night). A novel and important finding of the present study was that in ovo injection of AA could enhance antioxidant capacity in hatched broiler chicks.
The mRNA Expression of Antioxidant Enzymes and Immune Related Genes
In the present study, we measured the mRNA levels of IFN-γ, IL-1β, IL-6, TNF-α, GSH-PX, and SOD in the spleen of hatched broiler chicks (Figure 2) . The spleen was chosen because this secondary lymphoid organ is the location of both the innate and adaptive immune responses (Oláh and Vervelde, 2008) . The expression of genes in the spleen is commonly used as an indicator of the immune response in chickens (Smith and Hunt, 2004) . In the present study, it was found that in ovo injection of AA at 3 mg/egg significantly improved the mRNA expression levels of GSH-PX (P < 0.0001), and SOD (P < 0.02) in the spleen of hatched broiler chicks. These findings confirm that the in ovo injection of AA could enhance the antioxidant capacity of newly hatched chicks.
Cytokines are immunoregulatory proteins or peptides with crucial roles in the immune system (Umar et al., 2015) . Changes in their gene expression levels due to the upregulation or downregulation of different types of cytokines can be used as indicators of the immune status (Al-Khalifa, 2016). Cytokines have been classified into The results obtained in the present study (Figure 2 ) indicate that in ovo supplementation with AA significantly decreased the mRNA expression levels of IL-1β, IL-6, and TNF-α (P <0.0001) compared with the non-injected group or saline-treated group. Although no previous studies detected the effect of in ovo injection of saline on immune-related gene expression, our study observed that in ovo injection of saline significantly increased mRNA expression levels of IFN-γ as compared with the other group. Whereas mRNA expression levels of IL-6, and TNF-α for the saline group significantly decreased compared with the non-injected group. To the best of our knowledge, the reason not known because no researches have been studied the effect of the saline on the expression of immune-related gene. Jang et al. (2014) indicated that dietary supplementation of AA (200 mg/kg diet) decreased the mRNA expression of hepatic IL-1β, IL-6 via improving the antioxidant defense system in broiler chickens. In the present study, in ovo injection of AA reduced the expression levels of immune-related genes, which may be associated with AA's capacity as an antioxidant to eliminate the excessive production of ROS, thereby leading to the suppression of pro-inflammatory cytokines. Hohtola (2002) reported that like other precocial species, the metabolic rate and oxygen consumption increase rapidly in chickens during and immediately after hatching in order to meet the demands of endothermy and locomotion. Thus, the body needs to activate the antioxidant defense system as a strategy to normalize the negative effects induced by severe oxidative stress during and immediately after hatching. Moreover, reported that AA regulates antioxidant enzyme genes and immune-related genes via its effects on redox-sensitive signaling pathways, which could explain why the in ovo injection of AA modulated the mRNA expression levels of GSH-PX, SOD, IL-1β, IL-6, and TNF-α in our experiment.
In conclusion, the current study has shown that in ovo injection of 3 mg/egg AA enhanced antioxidant defense system and the mRNA expression levels of IFN-γ, IL-1β, IL-6, TNF-α GSH-PX, and SOD of spleen in newly hatched chicks.
